In the framework of the semiclassical approach, we find the leading finite-size effects on the normalized structure constants in some three-point correlation functions in AdS 5 × S 5 , expressed in terms of the conserved string angular momenta J 1 , J 2 , and the worldsheet momentum p w , identified with the momentum p of the magnon excitations in the dual spinchain arising in N = 4 SYM in four dimensions.
Introduction
The correspondence between type IIB string theory on AdS 5 ×S 5 target space and the N = 4 super Yang-Mills theory (SYM) in four space-time dimensions, in the planar limit, is the most studied example of the AdS/CFT duality [1] . A lot of impressive progresses have been made in this field of research based on the integrability structures discovered on both sides of the correspondence (for recent overview on AdS/CFT integrability, see [2] ).
Various classical string solutions play an important role in testing and understanding the AdS/CFT correspondence. To establish relations with the dual gauge theory, we have to take the semiclassical limit of large conserved charges like string energy E and spins S 1,2 on AdS 5 and angular momenta J 1,2,3 on S 5 [3] .
An example of such string solution is the so called "giant magnon" , for which the energy E and the angular momentum J 1 go to infinity, but the difference E − J 1 is finite, while S 1,2 = 0, J 2,3 = 0 [4] . It lives on R t × S 2 subspace of AdS 5 × S 5 , and gave a strong support for the conjectured all-loop SU(2) spin chain, arising in the dual N = 4 SYM, and made it possible to get a deep insight in the AdS/CFT duality. This was extended to the giant magnon bound state (J 2 = 0), or dyonic giant magnon, corresponding to a string moving on R t × S 3 and related to the complex sine-Gordon model [5] . Further extension to R t × S
5
have been also worked out in [6] , where it was also shown that such type of string solutions can be obtained by reduction of the string dynamics to the Neumann-Rosochatius integrable system. It can be used also for studding the finite-size effects, related to the wrapping interactions in the dual field theory [7] . From the string theory viewpoint, the leading and even sub-leading finite size effect on the giant magnon dispersion relation was first found and described in [8] . The case of leading finite-size effect on dyonic giant magnon dispersion relation was considered in [9] . There, the string theory result was compared with the result coming from the µ-term Lüscher correction, based on the S-matrix description. Both results coincide.
During the years, many important achievements concerning correlation functions in the AdS/CFT context have been made. Recently, interesting developments have been done by considering general heavy string states [10] - [70] 1 .
In [37, 39] , the three-point correlation functions of finite-size (dyonic) giant magnons [4, 5] and three different "light" states have been obtained. They are given in terms of hypergeometric functions and several parameters. However, it is important to know their dependence on the conserved string charges J 1 , J 2 and the worldsheet momentum p, because namely these quantities are related to the corresponding operators in the dual gauge theory, and the momentum of the magnon excitations in the dual spin-chain. That is why, we are going to find this dependence here. Unfortunately, this can not be done exactly for the finite-size case due to the complicated dependence between the above mentioned parameters and J 1 , J 2 , p. Because of that, we will consider only the leading order finite-size effects on the three-point correlators. In this paper, we will restrict ourselves to the case of AdS 5 × S 5 / N = 4 SYM duality.
The paper is organized as follows. In Sec. 2, we first give a short review of the giant magnon solution. Then, we explain the limitations under which the three-point correlation functions considered here are computed and give the exact results in the semiclassical limit. Sec. 3 is devoted to the computation of the leading order finite-size effects on the threepoint correlators given in Sec. 2 in terms of the conserved string angular momenta and the worldsheet momentum p. In Sec. 4 we conclude with some final remarks.
2 Finite-size giant magnons and three-point correlators
Review of the giant magnon solutions
The denote with Y , X the coordinates in AdS 5 and S 5 parts of the background AdS 5 × S 5 .
The coordinates Y are related to the Poincare coordinates by
where x m x m = −x 2 0 + x i x i , with m = 0, 1, 2, 3 and i = 1, 2, 3. We parameterize S 5 as in [26] .
Euclidean continuation of the time-like directions to t e = it , Y 0e = iY 0 , x 0e = ix 0 , will allow the classical trajectories to approach the AdS 5 boundary z = 0 when τ e → ±∞, and to compute the corresponding correlation functions.
The dyonic finite-size giant magnon solution, where (τ, σ) are the world-sheet coordinates, can be written as (t = √ W τ , iτ = τ e )
The second term in (2.6) represents the leading finite-size effect on the energy-charge relation, which disappears for ǫ → 0, or equivalently J 1 → ∞. It is nonzero only for J 1 finite.
The above two equalities are found under the following conditions on the parameters
The case of finite-size giant magnons with one angular momentum can be obtained by setting u = 0, or J 2 = 0, as can be seen from (2.4).
Three-point correlation functions
It is known that the correlation functions of any conformal field theory can be determined in principle in terms of the basic conformal data {∆ i , C ijk }, where ∆ i are the conformal dimensions defined by the two-point correlation functions
and C ijk are the structure constants in the operator product expansion
Therefore, the determination of the initial conformal data for a given conformal field theory is the most important step in the conformal bootstrap approach.
The three-point functions of two "heavy" operators and a "light" operator can be approximated by a supergravity vertex operator evaluated at the "heavy" classical string configuration [14, 26] :
3 See also [9] for the dyonic case.
For |x 1 | = |x 2 | = 1, x 3 = 0, the correlation function reduces to
Then, the normalized structure constants
can be found from
were c ∆ is the normalized constant of the corresponding "light" vertex operator.
Recently, first results describing finite-size effects on the three-point correlators appeared [30, 31, 35, 37, 39] . This was done for the cases when the "heavy" string states are finite-size giant magnons, carrying one or two angular momenta, and for three different choices of the "light" state:
3. Singlet scalar operators on higher string levels:
The corresponding (unintegrated) vertices are given by [14] 
where the scaling dimension is ∆ pr = j. The corresponding operator in the dual gauge theory is T r (Z j ) 4 .
where now the scaling dimension ∆ d = 4 + j to the leading order in the large √ λ expansion. The corresponding operator in the dual gauge theory is proportional to T r F 2 µν Z j + . . . , or for j = 0, just to the SYM Lagrangian.
This operator corresponds to a scalar string state at level n = q − 1, and to leading order in
The value n = 1(q = 2) corresponds to a massive string state on the first exited level and the corresponding operator in the dual gauge theory is an operator contained within the Konishi multiplet. Higher values of n label higher string levels.
The results obtained for the normalized structure constants (2.8), for the case of finite-size giant magnons in AdS 5 × S 5 , and the above three vertices, are as follows [37, 39] 3 Leading order finite-size effects
As we already point out in the beginning, (2.4), (2.5), can not be solved exactly with respect to the parameters involved, in order to express the relevant three-point correlation functions in terms of the conserved charges and p. That is why, we will consider here only the leading order finite-size effects on the three-point correlators. This means that we will consider the limit J 1 large, i.e. J 1 ≫ √ λ, where the finite-size corrections to both conformal dimensions and energies of string states have been computed also from the Lüscher corrections. Practically, the problem reduces to consider the limit ǫ → 0, since ǫ = 0 corresponds to the infinite-size case, i.e. J 1 = ∞. The relevant expansions of the parameters are [30] 
The coefficients on the first line in (3.1) can be obtained by using the equalities (2.2) and the definition of ǫ (2.3) to be
2)
The coefficients in the expansions of v and u, we take from [71] , where for the case under consideration we have to set K 1 = χ n1 = 0, or equivalently Φ = 0. This leads to
We need also the expression for ǫ. It can be found from the expansion of J 1 , and to the leading order is given by (2.7).
Giant magnons and primary scalar operators
Let us first point out that (2.13) simplifies a lot when j is odd (j = 2m + 1, m = 0, 1, 2, . . .). In that case, Gauss' hypergeometric functions in (2.13) reduce to polynomials. This results in
where P n (z) are Legendre's polynomials.
Since the corresponding operators in the dual gauge theory are of the type T r (Z j ), we will restrict ourselves to integer-valued j.
Let us start with the simpler case when J 2 = 0, or equivalently u = 0. Expanding (2.13) in ǫ and using (3.1) -(3.3), one finds that for the case under consideration 6 . The numerical coefficients a j are given by A few comments are in order. From (3.5) one can conclude that the C pr 10 and C pr 20 cases are exceptional, while C pr j0 have the same structure for j ≥ 3. C pr 10 ≈ 0 means that the small ǫ -contribution to the three point correlator is zero to the leading order in ǫ. C pr 20 is the only one normalized structure constant of this type proportional to J 1 . It is still exponentially suppressed by ǫ. The common feature of C pr j0 in (3.5) is that they all vanish in the infinite size case, i.e., for ǫ = 0. This property was established in [26] , and confirmed even for the γ-deformed case in [37] . Here, we obtained the leading finite-size corrections to it. Now, let us turn to the dyonic case, i.e. J 2 = 0. Working in the same way, but with u = 0, we derive 5 We use the notation C pr j0 in order to say that C pr j are computed for the case J 2 = 0. 6 This expression for ǫ comes from (2.7) after setting J 2 = 0. 
11 − 12 cos(p) + cos(2p) + 6J 
In the four formulas above ǫ is given by (2.7).
Giant magnons and dilaton operator
The leading finite-size effect on the normalized structure constant in the three-point correlator of two finite-size giant magnon's states and zero-momentum dilaton operator (j = 0), in the limit J 1 ≫ √ λ, has been considered in [30] . Here, we will deal with the j > 0 cases. Since the corresponding operators in the dual gauge theory are proportional to T r F 2 µν Z j + . . . , we will restrict ourselves to integer-valued j.
When j is odd (j = 2m + 1, m = 0, 1, 2, ...), the normalized structure constants (2.14) simplify to
Expanding (2.14) in ǫ and using (3.1) -(3.3), one finds j = 1: In the four formulas above ǫ is given by (2.7).
Actually, we computed the normalized coefficients in the three-point correlators up to j = 10. However, since the expressions for them are too complicated, we give here only the results for the first two odd and two even values of j. Knowing these expressions, the conclusion is that they have the same structure for any j in the small ǫ limit 7 . Namely where ǫ is given in (2.7), A j and a j are numerical coefficients, while P 2 ) are polynomials of third and second order respectively, with coefficients depending on p in a trigonometric way. Now, let us restrict ourselves to the simpler case when J 2 = 0, i.e. giant magnon string states with one (large) angular momentum J 1 = 0. Knowing the above results for 1 ≤ j ≤ 10, one can conclude that the normalized structure constants in the three-point correlators for any j ≥ 1 in the small ǫ limit look like 
Giant magnons and singlet scalar operators on higher string levels
For that case, the expressions for the normalized structure constants in the three-point correlation functions for dyonic giant magnons are too long and complicated. That is why, we will write down here the results for finite-size giant magnon states only, i.e. for J 2 = 0. Then, after small ǫ expansion, one can find that (2.15) reduces to 
